





















































































This	 report	 details	 findings	 from	 a	 two-day	 event	 in	 which	 a	 dozen	 senior	 theoretical,	
experimental	and	mathematical	physicists	discussed	the	role	of	‘imagination’	in	scientific	work,	and	
in	particular	in	physics.	The	event	took	place	over	29	June	–	1	July	2016,	in	the	historic	surroundings	
of	Kings	College	at	 the	University	of	Cambridge	 (UK)	and	was	devised	and	coordinated	by	 the	US-	
based	Imagination	Institute.	
The	rich	qualitative	data	gathered	from	two	days	of	in-depth	conversations	with	this	group	
of	 highly	 successful	 physicists	 offer	 a	 rare	 window	 into	 physicists’	 own	 perceptions	 of	 the	
imagination	process,	 including	how	 it	actually	 'feels'	 to	 them.	They	voiced	 their	understandings	of	
the	social	and	psychological	dimensions	of	both	their	everyday	work	and	those	rarer	moments	which	
(when	 looking	back	over	a	career)	were	 felt	 to	have	 involved	profound	 imagination	or	 inspiration.	
Through	grappling	with	the	notions	of	creativity	and	imagination,	the	conversations	also	offer	insight	
into	 how	 a	 group	 of	 senior	 scientists	 relate	 to	 each	 other,	 and	 how	 they	 explain	 complicated	
concepts	to	both	other	experts	(but	who	are	perhaps	outside	of	their	own	field)	and	non-experts.	
The	bulk	of	the	report	which	follows	describes	and	discusses	six	key	themes	which	emerged:	
imagination	as	 the	practice	of	asking	questions;	 individual	experiences	of	 imagination;	 imagination	













Next,	 attendees	 were	 directly	 asked	 at	 several	 points	 to	 relate	 their	 own	 personal	
experiences,	thus	there	was	a	strong	focus	on	the	individual	experience	of	imagination.	One	avenue	




and	 explicitly)	 as	 a	 product	 of	 group	 interactions	 and	 collaboration.	 Going	 further,	 the	 wider	







As	one	of	 the	 Imagination	 Institute’s	explicit	areas	of	 interest	 (explained	 to	participants	at	
the	start	of	 the	 retreat),	 some	of	 the	 ideas	 for	developing	and	 fostering	 imagination	expressed	by	
participants	are	detailed	in	subsection	2.5.	These	are	divided	into	those	relating	to	developing	one’s	
own	 imagination,	and	those	relating	to	developing	the	 imagination	of	others,	 for	example	 in	one’s	
role	as	an	educator.	
In	 subsection	2.6,	 the	 retreat	 itself	 is	 explored	 in	more	detail,	 how	participants	 related	 to	
each	 other	 and	 explained	 concepts	 to	 each	 other	 as	 well	 as	 the	 non-experts	 present.	 Here,	





Rather	 than	 simply	 using	 imagination	 to	 solve	 given	 problems,	 a	more	 critical	 part	 of	 the	
imagination	 process	 (within	 research	 at	 least)	 was	 seen	 by	 participants	 as	 asking,	 and	 pursuing,	
interesting	questions;	 the	art	of	questioning	 is	 discussed	 in	 this	 subsection.	A	 core	 sentiment	was	
illustrated	well	by	the	advice	that	Prof	Tom	McLeish	(Professor	of	Physics	at	Durham	University	and	
Director	 of	 the	 Durham	 Centre	 for	 Soft	 Matter	 Research)	 gives	 to	 newly	 enrolled	 PhDs	 in	 his	
department:	“I've	got	some	very	bad	news	for	you	which	is	that	this	finely	honed	skill	[of	finding	the	
right	answer]	will	from	henceforth	be	almost	useless	to	you.	Almost	-	not	quite	-	but	almost	useless.	
But	 what	 really	 will	 make	 you	 a	 successful	 researcher	 or	 not	 is	 whether	 you	 can	 formulate	 the	









imaginative	 or,	 as	 Prof	 Herbert	 Huppert	 (Emeritus	 Professor,	 Theoretical	 Geophysics	 &	 Director,	
Institute	 for	 Theoretical	 Geophysics,	 University	 of	 Cambridge)	 put	 it,	 “The	 right”	 one,	 may	 be	
impossible	out	of	context.	It	will	depend	in	large	part	on	the	existing	body	of	knowledge	which	has	
come	 before,	 and	 thus	 what	 is	 novel	 (and/or	 not	 already	 known	 to	 be	 wrong)	 as	 explained	 by	
Franklin:	“The	point	is	they	[people	who	send	unsolicited	emails	to	leading	physicists	about	their	own	
theories]	 don’t	 know	 physics,	 so	 they	 can’t	 know	 that	 their	 idea	 is	 ruled	 out	 already”.	 Further,	
different	audiences	may	view	 the	 same	question	as	either	 creative,	or	obvious,	 in	part	due	 to	 the	
history	 of	 the	 development	 in	 that	 area	 and	whether	 the	 idea	 is	 ‘new	 to	 them’.	 Prof	 Jon	 Keating	
(Henry	Overton	Wills	Professor	of	Mathematics	&	Chair,	Heilbronn	Institute	for	Mathematical	
7		
Research,	 University	 of	 Bristol)	 who	 like	 several	 participants	 works	 with	 communities	 across	
different	 branches	 of	 physics,	 explained	 that	 “Quantum	 information	 theor[ists]	 view	 this	 [the	
question	 of	 the	 role	 of	 slight	 disorder	 in	 sequences	 of	 quantum	 gates]	 as	 a	 highly	 creative	 and	




Wilsey	 Professor	 of	Mechanical	 and	 Aerospace	 Engineering	 at	 Princeton	 University)	 expanded	 on	
this	experience	of	“Making	connections”	between	different	fields,	concepts,	or	phenomena,	and	that	
this	 often	 led	 to	particularly	memorable	moments	of	 inspiration	or	 imagination1:	“You	have	 these	











more	depth	was	mentioned	 in	passing,	and	was	 seen	as	 tied	up	with	building	a	 successful	 career.	












In	 summary:	 asking	 questions	 was	 seen	 as	 a	 key	 part	 of	 the	 imaginative	 process,	 and	





As	 highlighted	 in	 the	 introduction,	 participants	 showed	 a	 great	 deal	 of	 curiosity	 in	 and	
fascination	with	on	 inside	 the	heads	of	physicists	 (including	 themselves)	when	 they	were	 forming,	
ruminating	 upon,	 or	 struggling	 with,	 an	 idea	 as	 part	 of	 their	 work.	 In	 this	 subsection,	 there	 is	 a	
discussion	of	how	participants	described	 that	 it	 felt	 to	 them	when	 in	 the	midst	of	 imagining.	 This	
seemed	to	be	something	participants	had	reflected	on	to	some	extent	previously,	but	perhaps	had	
not	 discussed	 often	 with	 others	 –	 Prof	 John	 Pendry	 (Chair	 in	 Theoretical	 Solid	 State	 Physics	 at	
Imperial	College	London)	asked	those	present,	“Do	you	replay	your	invention	in	your	head?”	Here	it	
was	implied	that	the	aesthetics	of	an	insightful	idea	brought	an	enjoyment	one	might	want	to	relive.	


















Other	modes	of	 imagination	were	 also	mentioned.	 Prof	Mike	Cates	 (Lucasian	Professor	of	
Mathematics	 &	 Royal	 Society	 Research	 Professor,	 University	 of	 Cambridge)	 explained	 that	
imagination	could	involve	verbalising	in	one’s	head:	“Sometimes	you	see	things	by	…	having	a	debate	








fit	 in	 your	 head?”	Writing	 things	 down	 in	 conjunction	 with	 mental	 work	 is	 common	 practice	 in		
physics,	not	 simply	 to	 record	 ideas	but	 to	have	 them.	Cates	explained,	“I	need	a	piece	of	paper	 in	

















several	months),	when	not	directly	 focussing	on	the	object	 in	question	 (such	as	 in	 the	shower),	or	
even	 –	 as	 described	by	Berry	 –	 eight	 years	 after	 first	 considering	 a	 problem,	with	 little	 seemingly	
going	on	in	between.	"I	was	on	a	train	in	January	1985	in	Germany,	and	it	was	so	cold	that	there	was	
ice	 inside	 the	windows.	 I	had	some	 insight	about	 the	connection	between	quantum	mechanics	and	
chaos	and	was	working	this	out,	[when]	suddenly	it	popped	into	my	head	that	this	is	all	relevant	to	
the	Riemann	Zeta	 function.	 I	 remember	the	exact	moment	 it	happened.	Of	course,	 I	was	prepared,	
because	I	had	read	an	article	about	it	8	years	before,	but	I	hadn’t	thought	about	it	since."	

























dialogue	 could	potentially	become	more	 than	 the	 sum	of	 its	parts.	 Sometimes	 these	 relationships	
had	developed	and	deepened	over	long	time	periods.	McLeish	spoke	of	a	close	colleague	with	whom	
he	 has	 “Quite	 an	 extraordinary	 psychological	 connection	 with	 ideas.	 Once,	 he	 even	 dreamed	 the	
same	picture	that	solved	an	equation	the	same	night”.3	McLeish	also	spoke	of	how	much	of	scientific	















outsider	 than	 one	might	 think,	 even	 when	 it	 might	 seem	 ‘perfectly	 obvious’	 to	 those	 within	 the	
relevant	part	of	 the	science	community.	 In	 fact,	when	one	tries	 to	draw	a	 line	between	crank	and	
creative,	much	comes	back	to	the	consensus	view	of	the	wider	community.	Thus,	part	of	defining	an	
idea	 as	 ‘imaginative’,	 rather	 than	 oddball,	 has	 to	 do	with	 its	 reception	 by	 others,	 which	will	 also	
involve	the	past	history	of	the	field	and	existing	body	of	knowledge.	
Recognition	 from	 the	 wider	 community	 is,	 in	 addition,	 rather	 dependent	 on	 timing,	 and	
what	everyone	else	happens	to	be	concentrating	on	at	the	time.	As	Berry	explained:	“There	has	to	be	
a	population	of	one’s	colleagues	who	could	almost	have	done	the	same	thing	but	didn’t	quite,	and	so	
they	 immediately	 understand	 it.”	Whether	 an	 area	 is	 sufficiently	 ‘fashionable’	 or	 topical	 to	 have	
other	 researchers’	 (or	 indeed	 funders’	 or	 politicians’)	 attention	 may	 affect	 whether	 an	 idea	 is	
perceived	 as	 imaginative	 (that	 is,	 addressing	 an	 interesting	 and	 relevant	 question)	 or	 not,	 and	
whether	that	idea	gets	pursued	or	dropped.	In	a	similar	way,	Dr	Ashley	Zauderer	(Assistant	Director,	
Mathematical	 and	 Physical	 Sciences,	 John	 Templeton	 Foundation)	 talked	 about	 the	 “Role	 [that]	
serendipity	and	new	technology	plays	 in	discoveries”	as	being	significant.	One	could,	therefore	add	
‘timely’	 to	 the	 list	 of	 qualities	 that	 an	 imaginative	 question	 might	 have.	 Further,	 through	 the	
frameworks	 by	which	 scientists	 understand	 ‘how	 science	 is	 learnt/done’	 (e.g.	 lectures,	 success	 in	







at	 an	 institutional	 level,	 areas	 specifically	 designed	 for	meeting	 and	 discussing	 (for	 example,	with	
coffee	and	places	 to	draw)	were	seen	as	critical,	as	well	as	 the	ethos	around	seminars.	At	a	more	
fundamental,	and	longer	term,	level	there	are	questions	about	competitive	processes	such	as	hiring	
and	 funding	 competitions,	 and	 how	 these	might	work	 to	 encourage,	 or	 inhibit,	 imaginative	 ideas.	













Although	 no	 part	 of	 physics	 is	 unique	 to	 physics	 alone	 (overlapping	 as	 it	 does	 with	





form	of	 imagination	 in	physics	 are	discussed:	use	of	mathematics;	 heuristics	 (mental	 shortcuts)	 in	
physics;	 experiment	 and	 theory;	 and	how	 some	 tools	 of	modern	physics	might	 foster	 imagination	
through	openness.	





mathematical	 laws	 provided	 considerable	 challenge	 in	 directing	 imagination	 towards	 meaningful	
results,	as	Cates	explained:	“If	you	could	just	completely	unconstrain	your	imagination	…	you	would	
never	get	anywhere	like	that.	The	fact	is	you	have	to	imagine	…	your	way	through	a	maze	and	that	
isn’t	 easy.”	 As	 well	 as	 being	 challenging,	 these	 constraints	 were	 in	 fact	 what	 made	 the	 work	
enjoyable	in	many	ways.	Several	participants	were	attracted	to	physics/maths	at	school	(more	than	
some	 other	 subjects)	 because	 from	 understanding	 a	 very	 few	 rules	 or	 methods,	 quite	 complex	
problems	could	be	solved,	or	as	Cates	put	it,	“A	small	amount	of	knowledge	gets	you	an	enormous	
way”.	Interestingly,	this	use	of	a	specialist	language/notation	also	affects	the	way	group	interactions	
work	 in	 physics,	 as	 by	writing	 equations	 on	 a	 blackboard,	 one	 is	 able	 to	 argue	 (sometimes	 quite	
aggressively)	without	necessarily	taking	criticisms	personally;	as	Ball	said,	communal	writing	spaces	
provide	 a	 “Mechanism	 by	which	 you	 can	 bypass	 the	 social	 niceties,	 because	 it's	 ‘out	 there’”.	This	




experienced	when	striving	 for	 imaginative	 ideas	 in	physics.	 Imagination	 requires	 freedom,	but	 this	
freedom	must	be	 tempered	by	 the	 rigours	of	 the	subject,	and	 in	physics	 this	often	comes	back	 to	
maths.	 In	 order	 to	 think	 differently	 (creatively,	 imaginatively)	 it	 may	 be	 necessary	 to	 throw	 out	










seen	 to	 be	 simply	 about	 freeing	 oneself.	 The	 deep,	 active,	 knowledge	 needed	 (which	 involves	
constant	 questioning)	 is	 qualitatively	 different	 from	 the	 knowledge	 which	 comes	 through	
memorising,	with	too	much	of	a	focus	on	the	latter	seen	as	a	way	of	stifling	imagination.	
A	second,	related,	theme	was	that	of	the	particular	mental	shortcuts	(heuristics)	developed	
as	 a	 practising	 physicist.	 Over	 time,	 and	with	 experience,	 one	 develops	 heuristics	 in	 any	 field.	 In	
physics,	 this	 can	 mean	 that	 certain	 equations	 come	 to	 feel	 “Hard-wired	 in”	 (as	 put	 by	 Berry).	
Notation	(mainly	mathematical	notation)	was	seen	here	as	key.	For	example,	Cates	explained,	“Good	
notation	 …	 allows	 you	 to	 develop	 a	 heuristic	 which	 involves	 an	 informal	 manipulation	 of	 these		
symbolic	things	in	your	head”.	Indeed,	this	was	aptly	illustrated	with	the	following	personal	anecdote	





so	 much	 ...”;	 as	 Prof	 Martin	 Seligman	 (Director	 of	 the	 Positive	 Psychology	 Center,	 Univeristy	 of	





(indeed,	 those	who	have	experienced	significant	 ‘success’	may	be	 somewhat	vulnerable	 further	 in	
their	careers	to	placing	undue	faith	in	their	later	ideas)	but	a	feeling	that	the	solution	is	just	around	
the	 corner	 may	 help	 in	 deciding	 what	 to	 focus	 attention	 on.	 Cates	 spoke	 of	 how	 this	 may	 feel:		
“Something	…	ma[kes]	you	want	to	check	that	in	a	way	that	you	probably	don’t	check	everything.”	
Another	 theme	 which	 generated	 discussion	 was	 the	 differences	 between	 experimental	
physics	and	theoretical	physics.	Although	of	course	not	black	and	white,	this	dichotomy	was	
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is	 to	 imagination.	When	 considering	 the	more	 practical	 side	 of	 physics	 (for	 example,	 experiment	
design),	 imagination	 might	 look	 quite	 different,	 and	 involve	 the	 solving	 of	 numerous	 (small	 and	
large,	 ad	 hoc	 and	 systematic)	 problems	 to	 just	 get	 something	 to	 work.	 Franklin,	 one	 of	 the	 few	
dedicated	experimentalists	at	the	event	explained	that:	“There	is	a	lot	of	imagination	that	goes	into	
how	you	do	the	experiment	which	is	not	[answering	the	question	which	stimulated	the	experiment	in	
the	 first	 place].	 I	 don't	 think	 it's	 actually	 divorced	 at	 all.”	 A	 complaint	 was	 made	 that,	 through	
perhaps	 an	 over-emphasis	 on	 hands-off	 education,	 sometimes	 students	 ended	 up	 thinking	 that	






Finally,	 from	within	 the	 field,	 participants	 did	 feel	 that	 overall,	 physics	was	more	 open	 to	
imagination	and	new	ideas,	and	maybe	less	“Combative”	(as	Huppert	put	 it)	than	some	disciplines.	
One	 particular	 way	 this	 was	 exemplified	was	 the,	 now	widespread,	 use	 of	 the	 arXiv.6	 This	 online	
repository	allows	physicists	to	share	their	papers	(and	thus	their	ideas)	at	very	early	stages,	and	very	







that	might	be?	That	would	never	happen	 in	another	 field.	Everyone	would	 sit	back	 for	a	year	very	
cautiously.”	Of	course,	one	can	view	this	prolific	output	as	either	collaborative	or	highly	competitive,	
but	it	serves	to	illustrate	how	the	particular	historical	trajectory	of	a	field	(the	move	towards	using	







individuals	 could	 try	 to	develop	 their	own	 imagination,	or	 that	of	 their	 students	and	peers,	 in	 the	
shorter	term.	McLeish	saw	this	as	a	valuable	potential	output	from	the	retreat:	“It	would	be	a	huge	
contribution	if	we	can	suggest	to	aspiring	researchers	‘you	might	like	to	try	…’”.	Interestingly,	several	







could	solve	 it	 just	by	working	hard	enough,	 rather	 than	discover[ing]	something	extraordinary	 that	
we	never	knew	about?	We’d	kind	of	want	 the	 second	 to	be	 the	 case.”	 It	will	be	 interesting	 to	 see	






progress.	 In	 order	 to	 keep	 going,	 one	needs	 to	 develop	 the	 ability	 to	 keep	 at	 it,	 and	not	 give	 up.	
Franklin	explained	further:	“If	I’m	working	on	a	problem,	then	I	can	usually	solve	the	problem	before	I	
lose	interest	…	there	are	many	students	who	don’t	or	can’t	do	that	and	they	get	very	frustrated”.	One	
might	 then	 ask	 about	 the	 techniques	 senior	 physicists	 use	 to	 deal	 with	 this	 sort	 of	 struggle;	
undoubtedly	 there	 are	 some.	 As	 one	 example,	 perseverance	 can	 be	 exercised	 by	 resisting	 the	




frameworks	 to	 hang	new	 ideas	 off.	 In	 contrast	 to	 perseverance	 though,	knowing	when	 to	 take	 a	
break	may	be	 important.	 After	 intensive	working,	 breaks	 (from	deliberate	work	 on	 that	 problem)	
may	 help	 the	 subconscious	 make	 progress.	 In	 one	 story,	 Cates	 recounted	 how	 John	 Edensor	


































that	mentors	had	played	a	very	 substantial	 role	 in	 their	own	careers,	 thus	Pendry	explained:	“The	
third	 thing	 [along	with	 developing	 in-depth	 knowledge	 and	 learning	 to	 collaborate]	 I'd	 advise	 the	
student	to	do	is	to	find	a	mentor”.	
Lastly,	Huppert	talked	about:	“Tak[ing]	your	own	route,	don't	just	follow	others	and	do	what	
others	 are	 doing”.	 However,	 developing	 your	 own	 passions	 was	 not	 seen	 as	 automatic	 (and	













played	 a	 role	 as	 educators.	 Participants	 were	 clearly	 very	 interested	 in	 working	 to	 develop	 the	
imaginations	of	 their	 students,	 and	had	 given	 considerable	 thought	 and	effort	 to	 some	version	of	
this	 question	 of	 how	 to	 foster	 imagination.	 Here	 some	 of	 the	 key	 elements	 they	 recognised	 are	
detailed.	Of	course,	much	of	what	follows	can	apply	equally	to	working	with	peers	as	students.	
Giving	 confidence	 through	 respect	was	described	as	possible	 to	achieve	 in	 three	different	
situations.	 First,	 Ball	 talked	 of	 not	 dismissing	 the	 ‘stupid’	 question:	 “It	 does	 seem	 to	 me	 that	













to	 introduce	ways	 of	doing	 things	which	 are	 very	 different	 to	what	 the	 student	 has	 experienced	
before.	 Franklin	 had	 tried	 this	 “I	 taught	 a	 class	 on	 introduction	 to	 quantum	mechanics	 in	 which,	





It	 may	 also	 be	 important	 to	 recognise	 the	 context-dependent	 nature	 of	 other	 people’s	
imagination,	in	order	not	to	pre-judge	others.	In	a	very	honest	‘confession’,	Berry	recounted	how	he	
had	advised	a	past	student	not	to	continue	in	academic	life,	because	he	“Hadn’t	been	very	creative”	
during	 his	 PhD.	 But	 when	 that	 individual	 (contrary	 to	 his	 advice)	 moved	 to	 a	 different	 academic	
group,	he	started	“Doing	very	original,	very	creative	work	…	after	[having]	left	me”	[chuckles].	In	this	
way,	 having	 the	 humility	 to	 recognise	 that	 you	 may	 not	 be	 the	 best	 mentor	 for	 everyone,	 is	
important.	
Finally,	 you	 might	 aim	 to	 exemplify	 working	 to	 develop	 your	 own	 imagination.	 Berry	
wondered	whether:	“The	bottom	line	with	imagination	is	basically	you	can't	really	teach	it,	but	you	







and	 the	motivations	 for	doing	 so.	 Some	wondered	whether	measuring	 imagination	would	actually	
help	 facilitate	 it	 or	 not.	 In	 the	 context	 of	 a	 competition-based	 academic	 system,	 a	 measure	 of	
individual	 imagination	 (one	of	 the	core	 interests	of	 the	 Imagination	 Institute	–	 i.e.	an	 ‘Imagination	
Quotient’)	was	mainly	discussed	in	the	context	of	hiring	(e.g.	graduate	students	or	junior	faculty	
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staff)	 and	 funding	 decisions.	 The	 former	 was	 described	 by	 Cates	 as	 culminating	 in	 “Hav[ing]	 a	
conversation	with	them	on	enough	of	a	scientific	topic	and	see	if	the	sparks	start	to	fly”	rather	than	
via	quantitative	measures,	perhaps	in	part	as	the	element	of	group	interaction/fit	is	so	important.	In	
addition,	 the	 possibility	 of	 measurement	 raises	 questions	 about	 how	 this	 might	 influence,	 for	
example,	 students’	 or	 job	 applicants’	 strategies,	 and	 ultimately	 how	 people	 would	 then	 work	 to	
improve	their	‘Imagination	Quotient’.	As	raised	elsewhere,	some	wondered	whether	measuring	the	




relevance	 to	 their	work.	 Relatedly,	 they	were	 very	 happy	 to	 engage	 in	 (and	were	 knowledgeable	
about)	 discussion	which	 concerned	 the	 fundamental	 ontological	 and	 epistemological	 questions	 of	
physics:	what	exists	and	how	knowledge	is	constructed.	
In	 this	 final	 section,	a	brief	 reflection	 is	given	on	how	members	of	 the	group	 interacted	at	
the	retreat.	Attendees	used	a	number	of	tools	to	describe	or	explain	physics	concepts	to	each	other.	
The	power	 of	 the	 anecdote	was	 clear,	 and	 these	were	used	 very	 often,	 in	 relation	 to	well-known	
physics	or	science	personalities	(Einstein,	Hoyle,	etc).	 In	this	kind	of	conversational	setting,	science	
and	past	research	is	often	invoked,	without	detailed	referencing	(however	it	may	well	be	these	were	
sought	after	 the	event	 for	 ideas	which	participants	wanted	 to	 follow	up	on).	The	 importance,	and	
use,	 of	 narrative	 has	 been	 explored	 in	 the	 fields	 of	 science	 education	 and	 philosophy	 of	 science.	
Interestingly,	when	reading	the	transcript	during	the	data	analysis	 for	 this	 report,	 it	was	also	clear	
how	much	intonation	plays	a	role	in	conveying	understanding	of	complex	concepts,	which	is	harder	
to	 infer	 simply	 from	 words	 on	 a	 page.	 It	 is	 also	 perhaps	 unsurprising	 that	 issues	 of	 everyday	
relevance	to	senior	physicists	were	often	picked	up	and	generated	ready	dialogue	(the	UK’s	Research	
Excellence	 Framework,	 peer	 review,	 applying	 for	 funding	 etc.).	 As	 one	 might	 imagine,	 from	 the	
starting	 point	 of	 imagination,	 conversation	 spilled	 over	 into	 inspiration,	 creativity,	 curiosity,	 and	
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general	discussion	of	how	to	‘be	an	effective	physicist’.	Overall,	the	mood	was	generally	constructive	
and	 interested,	 with	 several	 funny	 moments	 (as	 Victoria	 Schwartz,	 Imagination	 Institute	 Events	
Coordinator,	commented:	“Who	knew	that	physicists	could	be	so	funny?”).	There	were	arguably	high	
levels	 of	 trust	 (as	 displayed	 by	 the	 sharing	 of	 personal	 stories)	 and	 respect,	 however	 it	 is	 worth	
noting	that	people	did	not	agree	all	the	time.	











In	 this	 final	 section,	 the	 six	 themes	 above	 (described	 in	 subsections	 2.1	 to	 2.6)	 are	 first	
summarised,	 before	 outlining	 a	 number	 of	 ideas	which	 draw	 together	 threads	 from	 across	 them.	
These	include	one	reason	why	advice	on	developing	imagination	may	be	harder	to	follow	than	it	is	to	
state:	the	balance	necessary	between	potentially	competing	elements.	There	is	then	a	reflection	on	
a	 few	 of	 the	 conclusions	 from	 the	 retreat	 which	 were	 perhaps	 more	 unexpected	 than	 others.	 A	







work.	 Third	 was	 a	 discussion	 of	 how	 one-on-one	 or	 group	 interactions	 within	 the	 context	 of	 the	
wider	 scientific	 community	 play	 their	 part	 in	 imagination.	 Fourth	was	 a	 reflection	 on	 the	ways	 in	
which	 imagination	 in	 physics	 might	 be	 particular	 to	 that	 subject;	 here	 the	 role	 of	 mathematics,	
heuristics,	differences	between	experimental	and	theoretical	work,	and	new	tools	being	used	were	
all	 covered.	 Fifth,	 ways	 in	 which	 the	 group	 suggested	 imagination	 could	 be	 developed	 and	
encouraged	were	outlined.	Finally	came	a	brief	exploration	of	the	generally	interested	atmosphere	
at	 the	 retreat,	 including	 discussion	 of	 the	 idea	 of	 measuring	 imagination.	 Key	 conclusions	 from	
across	the	report	are	given	in	the	highlights	on	page	2.	
When	talking	of	the	pursuit	of	 imagination,	some	tensions	and	trade-offs	were	mentioned,	
often	 implicitly.	 First,	 it	 is	 interesting	 to	 note	 that	 imagination	 was	 not	 seen	 to	 be	 the	 only	 skill	
needed	 (for	 example,	 to	 build	 a	 successful	 research	 group	 in	 physics),	 thus	 of	 course	 it	 is	 not	
necessarily	 sensible	 to	 be	 pursue	 imagination	 at	 the	 cost	 of	 all	 else.	 But	 in	 addition,	 there	 were	
different	 elements	 which	 seemed	 to	 contribute	 to	 imaginative	 ideas,	 but	 which	may	 be	 tricky	 to	
balance.	 This	may	 be	 in	 part	why	 there	 is	 no	 fool	 proof	 advice	 to	 follow	 in	 order	 to	 generate	 an	
imaginative	idea	–	and	indeed	why	this	area	is	so	interesting	to	explore.	The	most	recurrent	of	these	
tensions	was	mentioned	 in	several	 related	ways:	 freedom	versus	structure;	hard	wiring	of	existing	
knowledge	 (heuristics)	 versus	 breaking	 from	 tradition	 to	 imagine	 things	 differently;	 developing	
depth	 of	 knowledge	 in	 one	 area	 versus	making	 connections	with	 other	 areas.	One	 can	 imagine	 a	
number	 of	 other	 trade-offs	 which	 must	 be	 negotiated	 and	 may	 give	 rise	 to	 choices	 for	 the	
researcher.	 One	 example	would	 be	 calculating	whether	 to	 pursue	 the	 seemingly	more	 ‘useful’	 or	
more	 ‘creative’	 question.	 Another,	 as	mentioned,	might	 be	 taking	work	 by	 others	 on	 trust	whilst	
keeping	 a	 questioning	 spirit.	 Or	 indeed,	 fostering	 an	 ‘imaginative	 scientific	 culture’	 versus	




Further,	 one	 can	 see	 how	 there	may	 be	 tensions	 between	 different	 types	 of	 imagination	
itself.	That	is,	conditions	which	favour	one	sort	of	imagination	may	inhibit	another.	It	was	clear	from	
discussion	 that	 the	 group	 felt	 there	 to	 be	 many	 different	 types	 of	 imaginative	 person,	 and	




















about	something	particularly	surprising.	Whilst	 it	 is	 left	to	the	reader	to	decide	what,	 if	any,	of	the	
findings	 of	 this	 report	 are	 surprising,	 in	 this	 paragraph	 ideas	 are	 raised	 which	 certainly	 the	 lead	





to	 emulate	 this,	 thus	 ‘training’	 themselves.	 It	 would	 be	 interesting	 to	 track	 this	 process	 of	
development	 over	 a	 period	 of	 time	 in	 a	 research	 career.	 Secondly,	 imagination	was	 not	 all	 about	
thinking	 in	 one’s	 head,	 it	 was	 also	 described	 as	 being	 produced	 through	 using	 skill,	 and	 through	
conversations.	 Perhaps	 this	 variety	 is	 unsurprising,	 but	 by	 trying	 to	 define	 imagination	 one	 will	
inevitably	focus	attention	on	some	types	more	than	others.	As	imagination	depends	in	part	on	your	
point	 of	 view	 (e.g.	whether	 something	 is	 ‘obvious’	 or	 creative)	 then	 the	 labelling	 of	 something	 as	








This	work	 raises	a	number	of	questions,	and	potential	 avenues	 for	 future	 research.	 In	 this	
paragraph	eight	 such	questions	are	highlighted.	Recognising	 that	 talking	about	experiences	 ‘in	 the	
abstract’	 is	different	 from	the	 lived	experience,	what	might	be	 learnt	 from	observing	collaborative	
meetings	between	physicists	in-situ?	This	retreat	was	deliberately	carried	out	with	senior	physicists,	
what	differences	might	there	have	been	with	those	in	early	or	mid-career?	As	highlighted	earlier	in	
this	 report,	will	 ‘hard	work’	be	 seen	as	 a	prerequisite	 to	 imagination	 in	 all	 areas?	And,	 across	 the	
range	 of	 retreats,	 will	 imagination	 be	 seen	 as	 a	 quality	 which	 can	 be	 taught,	 or	 not?	 When	
considering	 physics	 in	 particular,	 do	 heuristics	 in	 the	 two	 broad	 areas	 of	 experimental	 and	
theoretical	physics	develop	differently?	What	 techniques	do	 senior	physicists	use	 to	deal	with	 the	






described	 in	overwhelmingly	positive	 terms.	As	 such,	 it	was	 intertwined	with	 ‘success’	 throughout	
conversation.	Thus	the	moments	most	often	(but	not	always)	deemed	most	imaginative	were	those	
















(both	 of	 the	 University	 of	 Pennsylvania).	 The	 Institute	 is	 “dedicated	 to	 making	 progress	 on	 the	
measurement,	growth,	and	improvement	of	 imagination	across	all	sectors	of	society”.9	To	this	end,	
they	are	currently	 funding	 two	main	streams	of	work.	Firstly,	 in	2015	 they	 released	nearly	US$3m	
across	16	different	projects	aimed	at	exploring	whether	imagination	can	be	measured,	and	if	so	how.	







specific	 expert,	 Prof	Herbert	Huppert	 of	 the	University	 of	 Cambridge.	Attendees	were	 particularly	
selected	on	the	basis	of	demonstrated	creativity,	and	thus	there	was	an	emphasis	on	senior	figures	




Robison),	 and	 the	 logistics	 coordinator	 (Victoria	 Schwartz)	 who	 participated	 in	 (non-recorded)	
discussions	during	refreshment	breaks	and	dinners.	










for	 discussion’	 across	 a	 number	 of	 different	 areas.	 During	 the	 event	 itself,	 a	 number	 of	 these	
questions	were	used	as	initial	prompts	(which	each	participant	was	often	invited	in	turn	to	answer);	
discussion	was	then	allowed	to	flow	fairly	freely,	and	many	additional	topics	arose	spontaneously.	
Qualitative	 data	 collected	 included:	 (1)	 Field	 notes	 taken	 by	 the	 lead	 author	 during	 all	
sessions,	and	also	the	evening	dinners,	 together	with	reflections	after	 the	event.	 (The	notes	 taken	
during	dinner	were	much	more	significant	on	the	first	night,	when	one	conversation	was	maintained	
through	 the	 group	 for	 the	majority	 of	 the	 time);	 (2)	 Full	 video	 recordings	 of	 all	 the	 sessions	 (not	
refreshment	breaks),	which	were	then	transcribed	by	a	third	party	and	sent	to	the	report	authors.	
In	 the	 months	 following	 the	 retreat,	 participants	 were	 invited	 to	 undertake	 a	 battery	 of	
cognitive/personality	tests,	but	these	data	do	not	form	part	of	this	report.	




2. The	full	 transcript	was	 loaded	 into	the	software	tool	nVivo	where	 it	was	coded	for	
themes	(that	is,	sections	of	text	were	‘labelled’	with	key	words/phrases).	Not	every	
piece	 of	 text	 was	 coded	 (however,	 over	 time	 more	 and	 more	 were,	 and	 longer	






3. These	 key	 words/phrases	 were	 then	 revisited	 and	 merged/nested,	 to	 form	 a	
hierarchical	structure.	From	this,	the	five	subthemes	emerged.	





6. Following	 feedback	 from	 the	 Imagination	 Institute,	 minor	 revisions	 to	 the	 report	
were	 made.	 This	 work	 included	 emphasising	 some	 of	 the	 themes	 which	 the	
Imagination	Institute	advised	were	less	apparent	at	other	retreats.	
7. Participants	were	 contacted	 to	 check	 they	were	happy	with	 the	use	of	 the	quotes	
attributed	to	them,	prior	to	publication	of	the	final	report.	
